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MODELING OF NATURAL HILLY WATERSHED AND
OPTIMUM PARAMETERS OF KINEMATIC
FLOOD RUNOFF MODEL

By Mutsumi Kapova, Akira FurusnmMA and Junzo Sacoo

Synopsis

Several fundamental problems in applying the kinematic runoff models such as the interflow
model, the overland flow model and the composite model to flood runoff analysis are studied by
dealing with the data in the Shimokari hilly watershed of 1.3 km?, the 93%, area of which is covered
by bushes and bamboo groves. First, a detail watershed model composed of 62 blocks or 136 blocks
is constructed. The model is then lumped considering the stream order based on both Strahler
and N; systems for ordering. The geomorphological characterisitcs of these models are examined
from the hydrological viewpoint. Second, the applicabilities of the kinematic runoff models are
examined by searching their optimum model parameters in every watershed model. And the
practical formulae have been proposed for estimating the optimum model parameters. Third, an
instantaneous unit hydrograph is proposed theoretically considering the interflow model and the
probability distribution of slope lengths.
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Fig. 1. Outline of the Shimokari River Basin.
The real line shows river channels
in the topographical map of 1/25000
scale, the point chain line in the map
of 1/10000 scale and the dotted line
based on the definition of w/i=1in
contour lines in the map of 1/10000
scale.
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Table 1. Definitions of river channel networks.

Symbol Scale of Map } Upper El:;i/ lof Stream
Crinx 1: 10000 1
CIV ” 2
By 1: 25000 1
By ” 2

Note: The upper end of stream is defined as the point where the ratio of the
width, w, to the penetrated length, /, in a contour line becomes a given

value.

In the Ugth-order watershed model constructed on the basis of U,
th-order basin, the channel length, L, is defined as L=Ly, Ly, 1 of

the main stream.
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Fig. 2. Examination of four geomorphological Order of Unit Sub-basin, Uy

laws. Fig. 3. The number of one-side slopes, N,, the
mean slope length, B, and the contribu-
ting slope length, B,, in the U, th-order
watershed model.
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Fig. 5. An example of the Gamma distribution as a probability distribution of slope lengths. (Cryyy,
Uy=1).
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of slope gradients. (Cyyy, Ux=1).
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Table 2. Outline of objective floods.

Total Direct Peak
Flood Date Rainfall (Observatory) | Runoff | Discharge Remarks
(mm) (mm) | (m3/sec)
A |June 25-27,1969| 196 ( Oue )| 142.0 ]7 9.4 Big flood with single peak.
B Sep. 22-24, 19707 116  ( ” ) 54.8 | 1.8 Small flood with two peaks.
C  |Sep. 6-8,1971] 214  (Arcal Mean) | 158.4 ' 5.5 x:g:“‘e flood with three

6_.
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An example of the relation between the model
parameter and its error for each watershed model in
applying the overland flow model to Flood A.  (Cyyy,
N system)

Networks
Bg By Cg C

®© & 0 ©

40

Ordering
System

Ny

Strahler
10 T

H 2,

B

20

2 Y,
T

Contributing Slope Length, Bg(m)

4|

1000

10
Relations between optimum parameters of the
overland flow model and the contributing slope length

of watershed models.

1 —



230 HEKFY ROFRDERSE 21 5B-2 (W 53. 4)

KM ¢ RRIGEH - REHRIEO 3 KR

SERBHTHRS & C 5 I H S B s 2 w0 o CyoN,
HoKif M B &+ 5 L & I3 RER e g o c
FAOREEATHCEBFL, Th N A
THA TR L &AM - EF ik € -
BATT A DBASIRERERD T & =z s i
BE . KRETI, BF TR 5 T 4
T, 4.1, 4.20REEOMHT, il E AR
BOFADRELBDATLE Tk 2 2 &eoég\%
B, BEVELOr—2ORIHELT e 1o 0% |
VR, ZO—HERBT b, ER P

BaTT L OEAICHLTE, W L 123 g0
HRAEBOBE AD &2 FEW 5 LE = L L
#H 2, £T5HT, Flood B T2 < T T
Wi o I = 7 0 R e, 2~ 4 5 2 e 1'\
w7 7 R B O & 1t 2 \L |
T32, kis/2 DETHEDE, k2 T 100 1000
DETRIZEAEZED R T EHD Contributing Slope Length, B,(m)
P ofee TTTLT TR, WHIKEE Fig. 20. Optimum model parameters of the overland flow in
LLClE, ~"MFu7 57 EREBNS the composite runoff model composed of the overland
& Nff, AD=14mm, %A+ flow and the interflow.

BLEdT, BoHme T v BRI,
4.1(ZR L7z Flood B iti+ 2 R@EEE 0T T Mnb LT LT,

ZO&I, FHiETAERE T TBME L, KEKE T ERREM L, Flood A Ko THEL
T kiR % Fig. 20 KHIRT %o Flood A WO 2 REM T VEMERORRNEDD TREFTH- 10
e, BEOETRWBOHERELUETCE TR VA, EEERRLTES &,

Baesrrid, o 2=F v OBEMERITES, FEFIBREBOICKE 228885585, Tk
KT H-WE LT, P EEROBFWRET A HEZZLO5ND, TREONTORER, #HE=T
NEDHKEERDT, RBICELDITFETH S,

5. PEREFINLEUR

5.1 PRI TROFES

WHEITEO —2IZ, B PSAVONTE T2 BMNELS 22, TOYBNFRIILA LD
Tk, ThIZDWT, BEREROBHEM LEUDT LS & LIPHSY ORIRD ZHRAMH B 45,
HERI e ABERIHCTEUL Thdi), w{200BAHLLNE, CCTRPARSHICH ¥ =
SHEERCD L, HROBUARENDI BN TEDLT LERT,

WEIRHRRICRIETAESRE, HEHRCELTERTES 0L L, HEOHIICHE—O kinematic
runoff ®F A RBEHTE L L LT, MR FRmMIHBLEARMICERAT L LRADE I T% 2,

Qt)=4 S:f(T)R(L, TYAT  cooveooeeee et (12)
o, A iBER, AT): EHEEM T OREHF,
S:ﬂT)dT:I ............................................................................................. (13)

— 12 —



AR - B - 8 LIRS = 7o ok 7w %1

T 1/p
R(t, T)= P{go r’(t_r)df} ......................................................... (1)

So {S: re(t—t)dr }“'m/y du

WEPEDHNY Darcy AICHES PRKTHLETHE, p=1 &%Y, (12) RBROL S IKHHK
%%

Q=4 -f<—T)~S: ro(t—1)dedT

o 1
=AS: PUEYFo(E— )T oreesmeeser et (15)
P(?):ST _Jf(_;‘l AT e (16)

T P(r) BBMBMRERER L30T, AADEENE T OBKTH L. L ZATHMKEENSR
tthe, RS IOHEOEHERE T RRRTERIND,

! . LS e
T ERE an

FThbb T, REE - R3PHESEE s xhEEeFvERTRLTKRED, Litd-T T O
RO I E70 s OBHAHFOREBRFXERTLICLREDERIIRELZZ LA D, wE L 22}
Us o4 L, Fig. s CRR LA Y= dTi3H s L, 16) RO AT BROLI Lk b,

f(T,v)= _If.(y_););Tv—le—a’l' .......................................................................... 18)

T=

RO v REHEL L 0ETBE, (16) R
P(r, 1) = y%,l.f(f, v—1)+ %}% P(r, v—1)= 71_1. gf(,, ) e (19)

LR, HERLZCLEEEMIE LT, BREN » OF Y~ tHTROEE, BMRVBRE
B O-D~10F S HOEREOEELTRATELLLERL TS,
L AT Nash® i3, iR % m MOBRBEKAEOBEFHRICRILT,, BEREROLS &b L1,

PD= gy (%) €7
Edson” QBRI RALTHY, Zoch DeFrid m=1 DN AHETH - T2o TREODEAREE (19)
RO—HEMD K LB CTHHC ERANTH S, CRIHL, PHKEF AL >FB L 17) ROBML
B, TEFIMA (m—1) {75 1 8% TO Nash OMBHEKBEF L% (m—1) PICEFISEL D, 1T
2% L, Dooge® O—M@HEAiles »OHERIME S 2V 52 VIREBIFKIeF 1 LFENLL
NETORMEIL, WEEENRE LieF r0—HTHY, HENE#SST S L, Dooge DEFVE
BRI A+HELDLVEZSI TH S,

5.2 PEFRBBAEOBEGE

(19) RICRE LA BUEROBEER LRI T 2, COBFRMEE 2201, FWkEERH T ORESH
BLlT, bOLS 24HMBREERTT 2D ECICETH I, T TR w/l=1, Us=1 OFEMIT
ESCRO4BOIORERITT 2 LT LT,

D &7 vy 7 EE B OBBM

i) £7 vy @EHEE B/ss ODHEEL 1

i) ##L OWHRLAE

iv) BREUER L/s QBB

NS OHERMP S EFERE TOSA~ORELERER L L TR, Flood B IZoWTH o N
EFEREBEICLC, 1, iiD) 1T ks/2=03 (gl 1% 0.25 cm/sec), ii,iv) 1ZH k/A=0.75cm/sec



232 FEAZE KPRTERE 21 5 B2 (W 53, 4)

(Bl v, LRREROR

T 0 T
FE LA -T L‘\:IO— —*‘j— pdf| E
MMEEEY Fig 21 ©RFo i iiD) :Em_
2 o By, |0.390
CHEILr -2}, =F v REIRE 5 30| o | Bo/s, [0.154
BT H Do tetcdd, BEEPEDK € Ty
[ 2y 0.272
B, i, iv) Or—2I2FTRTE 20
s 2/, {0.166

HENBONTVE, TRKET+£

2 10
OO IHRAMEL LEY B 2R L5, ﬁﬂ% {
—DOBEA L LT, i~iv) OB < osrg %Qhﬁggciﬁﬁﬁﬁ;;;;
THBREBNR v TBREICE LT  04f Saas
VAT ERET SNE S, RERESR &
OMEEEHT, ChERARORE 5 °'23}
D—DREHS, S o)
12 0 12 0 i2
6. BENER Sep. 22,1970 23 24
Fig. 21. Simulated hydrographs by IUH of the linear
EEUNERTS 5 TRINER: reservoirs model obtained theoretically from the
WML LT, HREF N, KRR interflow model. (Cyyy, Uyx=1)

B Uk = 7 1248 2 BB SRS
BIZonToORMERY, ULORMTHRY, ZOFERRLRENICE LD, FREATIMI L LK
D&5TH5,

1) HES% lumping Rk - T7 vy 7 BEHS L, 2 LEBEE*KE LEVIRD , Qp=1m*/sec/
km® BEQ/NMHAN Fur 520, PHKEF AV CHAFRTE L. L LARERAKCHLTRE, 1/1H
%nL1/2.5 FHBERIZEWT, SEROBERITE w/li=1 3732082 C3RAEETHED ZEFMRIK
BeFAERACTD, ABREORAKORNOHERBELLEET Z2LEHHY, kT vORBER I
BRREH 2,

2) EHEKEFMZ, Q=Tm*/sec/km® BEOKI/KIZHL, 2O TRFLEEH LA L, iReT
A lumping OBRERXHE D RARLT EHEBEII R V. Qp=4m?/sec/km® OFMHKIZH LT3, HAKITRSP
%b oA, KRHKIZHTL22FvE8EACTY, RKALITREFLZHBRVBETE 2,

ABIOEFATE, 2BE—REFEFREEET 24, THREHETCIEFV LOBNITBE 2,
REOMAKBI MO NIKABITH » THIK TN, EMEHEERBRTLI0LBRIND, THE=eT
NITHEBBREREEL LD, OS5 RRARITKET %,

3) e FUERREER, BReF o oORMICE Y RELY, PHEeF o BB EABEEDM
®, RKAM=TVEREREMATROMB L LTCERRAT I L, HBREFVORBBIEELEY, Ennke
FAEBRERMEXNBOND, CN6DI B, REKEF AP ERHEERORIIL, HRIX-ThEDR
BHTLEBTHEINDY, REREFVERRERZIHL 2 O—BBULHEINL, DAASROFMZR
HBBETH D,

4) WHikeF DS, PEHREROS 2HMRGEEIN, ChiCcoBEmKiteFrici s 8
KD S BRI Nz,

LTHBONTBRROPIIE, SBRORHOLEELDINL 2952, iidbhbhdinitT
CREL T 280KEERMEERY 2028 T 2L, FHAARBBORE AMFRIZET 227 L ER
DHELEOMBIZY, KEAXTFHOMBEONLIDLEEL B, 1A A kinematic runoff EF VD LA E,
FREANERBROMERY AP STEREINTV D, CNOSROVWTHIBRBULHET - WEEIL TR S,



AR - EE - £E : ERILHIRR 7 SHOKIE R € 7 233

7 H & H Z=

CTTHRMBHER E LI FRINFHROATERZ, GREES BE L OMKENZED, $LO0EEE
HRTEMINTERIDTH - T, L REREEHATRER, ZAERABRENBIANEBERUIY
BEDRAERET, MAMBZEE, BHEHE KFUEHTE, ARLEL - KABSEESOWELYHICESH
BrELz\v,

%¥, AWEIIEMEL 2EEXHERENEE (AAKE) LIIMERREO—BTHY, HBEHR
URHTIZIZ, B KBFFE FACOM 230-25, LW 72 it FACOM 230-48, B k¥ FACOM 270-20 % vz
Ll EMNET 5,

1

2)

3)
4)

5)

6)

7)

8)
9)

g B X #®

RWE ZE-AER B AARRUMO KN, BREEHEIFERBE A-52-5, "HROBAITIE
SRR ERBOEL TR, 1977, pp. 14-24.

AR E-8E B o M) RUERICHET 2 28, BEIARELBEELSR, 1974,
pp. 114-115.

BIFEREE « WAKE  BREL 20@RICET AR  EARFELRICE, 605)3-3, 1959,
FFBRIRED « ARCHE « MRS - A TFou : s O HKEMIZBET 2T, AP SFRFTER,
5A, 1962, pp. 147-173.

SEEFSER AN B RANEZ  IWESHE D 5 DR EIZDWT, B29E L ARF LM, 2, 1974,
pp. 136-137.

Nash, J.E.: The form of the instantaneous unit hydrograph, Proc. IASA, Gen. Assembly, Tront,
3, 1967, pp. 114-121.

Edson, C. G.: Parameter for relating unit-graph to watershed characteristics. Trans. AGU, 32,
1951, p. 591

Dooge, J.C.1.: A general theory of the unit hydrograph. JGR, 64-2, 1959, pp. 241-256.

R e BE B RNINOBOKERREE, FRKHKWENER, 19-B2, 1976, pp. 143-152.



